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An ongoing investigation is being conducted in the Supersonic/Hypersonic 
Aerodynamics Branch at NASA Langley Research Center to determine the 
feasibility of incorporating the Navier-Stokes computational code, CFL3D , into 
the supersonic wing design process. The approach taken in this investigation 
is of two steps. 

The first step was to calibrate CFL3D against existing experimental data 
sets obtained on thin sharp- edged delta wings. The experimental data 
identified six flow types which are dependent on the similarity parameters of 
Mach number and angle of attack normal to the leading edge. The calibration 
showed CFL3D capable of simulating these various separated and attached- flow 
conditions . 

The second step was to use CFL3D to study the initial formation of 
leading- edge separation over delta wings at supersonic speeds. This study 
consisted of examining solutions obtained on a 65° delta wing at Mach number 
of 1.6 with varying cross-sectional shapes. Reynolds number was held constant 
at 1000000 and the Baldwin- Lomax turbulence model was used. The study showed 
that through the use of leading-edge radius and/or camber, the onset of 
leading- edge separation can be delayed to a higher angle of attack than 
observed on a flat sharp- edged wing. 

Based on the geometries studied, three wind-tunnel models are being 
designed to verify these results. These models age to be tested over a 
Reynolds number range of 2 x 10 /foot to 8.5 x 10 /foot. 
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1 The objective and approach for the present investigation. 

2 CFL3D code characteristics. 

3 Sketches of the wind-tunnel models tested by Miller and Wood in the 
Langley Unitary Plan Wind Tunnel (NASA TP-2430). 

4 The types of flow classified from the Miller and Wood experimental 
test (NASA TP- 2430) . 

5 The computational test matrix at M = 2.8 superimposed on the chart 
which defines the flow types as functions of a and M normal to the 
leading edge. 

6 A comparison of computational results with experimental data for the 
75° delta wing at a - 8° and M = 2.80 (AIAA 87-2270). 

7 The major elements of the incipient separation study (second step of 
approach) . 

8 Computational results which quantify the effects of leading-edge 
radius at a = 4°. 

9 Computational results which quantify the effects of leading-edge 
radius at a = 8°. 

10 Computational results which quantify the effects of camber at a = 8°. 

11 A summary on the effects of leading-edge radius and camber on a 65° 
delta wing at M = 1.6. 

12 Major element of proposed wind-tunnel test. 

13 Concluding remarks. 
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OBJECTIVE 

To determine the feasibility of incorporating 
the Navier - Stokes computational code, 


CO .= 

E £ 


CD ' 

"O 

00 
■O jt 

CD < 
U) < 
TJ -= 

CD 

P- CO 
CO 

«- CD 


LL f~ ■= 

o O o 2 

o> -o 52 2 

S J o j) 
Jr c aF 

£'53 to 
— +* C0 i- 
to .Q ^ CO 

O O co Q. 


Q. 

a) 

CD 

gJsjj 

0)0 c 
.E (Ur 

■O 0)0 
co 2' co 

® is 

• • • 


323 


leading edge radius 
camber 



CFL3D CODE CHARACTERISTICS 

Developed at NASA-LaRC by Jim Thomas 

Unsteady conservation-law form of compressible Navier-Stokes 
equations (thin layer laminar viscous model) 
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SEPARATION BUBBLE 
WITH SHOCK 


THEORETICAL TEST MATRIX 
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EFFECT OF VISCOUS MODEL ON NAVIER-STOKES SOLUTIONS 
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Camber (20:1 ellipse) 

4° camber 8° camber 10° camber 




EFFECT OF LEADING EDGE RADIUS 
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EFFECT OF LEADING EDGE RADIUS 
























1.6, A = 65°, Re = 1 x 10 
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Wind Tunnel Test Description 


M = 1.6; a = 0° to 8° (initial conditions) 
Surface pressure data (~100 ports) 
Vapor screen photoqraphs 
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